Down-regulation of the endoplasmic reticulum chaperone GRP78/BiP by vomitoxin (Deoxynivalenol).
The mechanisms by which trichothecene mycotoxins cause immunological effects in leukocytes such as cytokine up-regulation, aberrant IgA production, or apoptotic cell death are not fully understood. In the present study, mRNA differential display analysis was used to evaluate changes in gene expression induced by the trichothecene vomitoxin (VT or deoxynivalenol) in a T-cell model, the murine EL-4 thymoma, that was stimulated with phorbol 12-myristate 13-acetate (PMA) and ionomycin (ION). Ten differentially expressed fragments of cDNA were isolated and sequenced and three of these were identified as the known genes GRP78/BiP, P58(IPK), and RAD17. Most notably, expression of GRP78/BiP (a 78-kDa glucose-regulated protein), a stress-response gene induced by agents or conditions that adversely affect endoplasmic reticulum (ER) function, was found to decrease in VT-exposed cells. Competitive RT-PCR analysis revealed that 250 ng/ml VT decreased GRP78/BiP mRNA expression in both unstimulated and PMA/ION-stimulated EL-4 cells at 6 and 24 h after VT treatment. Western blotting confirmed that VT (50 to 1000 ng/ml) also significantly diminished GRP/BiP protein levels in a dose-response manner in PMA/ION-stimulated cells. GRP78/BiP has been shown to play a role in regulation of protein folding and secretion, and to protect cells from apoptosis. When PMA/ION-stimulated cells were incubated with 50 to 1000 ng/ml VT for 24 h, 200-bp DNA laddering, a hallmark of apoptosis, increased in a dose-dependent manner. In addition to GRP78, mRNA expression of the cochaperone P58(IPK), which is the 58-kDa cellular inhibitor of the double-stranded RNA-regulated protein kinase (PKR), was also shown to be suppressed by VT-treatment. GRP78 and P58(IPK) are critical for maintenance of cell homeostasis and prevention of apoptosis. The down-regulation of these molecular chaperones by VT represent a novel observation and has the potential to impact immune function at multiple levels.